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Abstract 


A correlative survey ol* magnetometer (HAG) and Planetary Radio Aatronomy 
(PRA) 1.2 kHz continuum radiation measurementa from Voyager 2 provide evidence 
for at least eight distant Jovian magnetotail sightings ooourrlng about onoe a 
month over the first 2/3 of 1981 at distances of * 5,000 to + 9,000 R,. The 
occurrence;.; of these events are in good agreement with prior Plasma Wave 
Science and plasma Science identifications. Observations of these distant 
magnetotail, or tail filament, enccunters appear most prevalent in both HAG 
and PKA data sets when the spacecraft was olosest to the Jupiter-Sun axis at <r 
6,500 Rj from the planet; the PRA events are also most intense during those 
times. A specific tail encounter occurring in mid-February 1981 is analyzed 
and shown to posses:; a remarkably symmetric magnetic field signature and to 
have a bipolar field str icture in its central region. The bipolarity is 
characteristic i f m^st of the eight events. 
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Introduction 

Voyager 2 Planetary Radio Astronomy (PRA) and magnetometer (HAG) data 
ware examined for approximately the first eight months of 1981 in order to 
provide possible evidenoe for the existence of an extended (distance 
£ 9.000 Rj) Jovian magnetotail; Rj«71.372 Km is Jupiter's radius. Examples of 
distant Jovian tail encounters have been recently olted by members of the 
Voyager plasma Wave Science (PWS) and Plasma Soienoes (PLS) teams, e.g., see 
Kurth et al., 1981 and Scarf et al.,1981. Hie possibility that Voyager 2 
would encounter Jupiter's tail at distances of the order of 6,000 R, was 
pointed out by Scarf (1979). He also oalled attention to the Interesting 
possibility of Voyar.er ? encountering Saturn at a time when that planet was 
immersed in the Jovian tail. 

In this paper we survey data from the lowest frequency channel of PRA 
(Warwick et al., 1977), centered at 1.2 kHz, as well as data from the 
sensitive low field MAG (behannon et al . . 1977) onboard Voyager 2. The 
initial purpose was twofold: (1) to search for a correlation between the PRA 
arid MAG data, especially for times when the MAG data indicated the maximum 
likelihood of the presence of a tail field ( Jupiter-spacecraft field 
alignment) and (2) to examine the structure of the magnetic field for 
candidate tail sightings as defined by PRA. Only the mid-February, 1981 event 
reported on by scarf et al . (1981) will be discussed here with regard to 
detailed structure. Another important goal was to see how well the PRA-MAG 
tail identifications agreed with PWS-PLS candidate tail sightings, whose times 
of occurrence were kindly provided to us by W. Kurth of PWS before our survey 
c'-wnmenced (see Kurtn et al . , 1982). 

Survey of Data 

One indication of the presence of the Jovian tail is the occurrence of low 
frequency continuum radiation. Such emissions (PRA observations at </* 1,2 kHz) 
are shown in the top panel of Figure 1 in the form of 2-hour averages of the 
intensity for the first 230 days of 1981 with still unprocessed data shown as 
gaps. Below the top panel are horizontal bars labeled 1 through 8 Identifying 
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intervals in which the intensity of this continuua radiation is aigniftaamfely 

-14 2 2 

enhanced above background noise ( 10 V /m Hz) . Shown below these n unbared 
intervals are the locations (dots) of the center times of tell sightings 
provided by Kurth; no. 7 is also from Scarf et al., 1982. These continuum 
emissions are characteristic of ordinary mode, LF continuum radiation found in 
the nights ide tail Lobes of Jupiter and are consistent with being strongly 
left-hand polarized, if they are coming from a source upstream of the 
spacecraft with respect to the solar wind flow diraction. 

Another indication of the presence of the Jovian tall is tha occurrence 
of magnetic fields that .re nearly aligned with the direction of solar wind 
flow, whioh must be close to being parallel to the planet-spaoeoraft line when 
such fields are observed at the spacecraft for the times of interest here. We 
define a as the acute angle between the magnetic field and the Juplter- 
spacecraft direction, independent of the sense of the field polarity (see 
bottom of Figure 1). Hence, we consider that a high percentage of hours in a 
given day for which a is less than 30 ° is a good indicator for the possible 
presence of a tail field. This criterion is obviously motivated by our 
knowieoge of the geometry of near-planet tail fields generally (behannon, 

1968* Ness, 1969 • and Ness et al., 19796) as well as that of the distant (> 
1.000 earth radii) tail field of the earth (Ness et al., 1967). The o < 30* 
criterion is <*n especially good discriminator between tail and interplanetary 
magnetic fields (IMF) for the period of interest, since the IMF is most likely 
to be approximately perpendicular (i.e. « s 90 °) to an expected tail-like 
field (where o # o° is most likely) at the spacecraft's distance from the sun. 
The percentage of hours in a day with a < 30° is shown in the bottom panel of 
Figure 1 for each of the 230 days in the period. 

There is remarkable agreement betweeen the periods of PRA continuum 
intensity enhancements and those days with a high percentage of fields with 
a < 30°. Furthermore, in all oases where information exists, the PWS tail 
enoounter times are in good agreement with these PRA-MAG event times. It 
should be pointed out that over the interval shown there are no significant 
MAG data gaps, i.e., a value of 0 } for a given day faithfully represents a 
condition in which there were no hours during that day in which the average 
field direction satisfied <* < 30 °. Notice that the period during which a high 
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percentage of « < 30* oasea ooourrad, froa $ day 47 to 145 1 oorraaponda to 
that of tha moat lntanaa PRA avanta: 2 through 5. Tha mlddla of thla rag ion 

la day 96. Cioaaat approaoh (C.A.) to tha aun-Jupitar axis ooourrad on day 
77, only * 2-1/2 weeks away from thla mid-point day. Finally, wa nota that 
the eight events occurred quasi-period leal ly with an average separation of 
about one month. 

Hie Voyager 1 magnetic field was examined for tha first 200 days of 1981 
to determine tha percentage of hours in a day for whioh tha field was aligned, 
within 30°, with the sun-Voyager 1 line, in order to oompare the results with 
the NAG-panel of Figure 1. preliminary Voyagar 1 data was used, but for only 
about 20 percent of the time did significant data gaps exist; the gaps 
ooourrad over the last quarter of the 200-day period where the probability of 
a tail encounter for Voyager 2 was low according to Figure 1. The comparison 
showed a striking contrast to the Voyager 2 results: "radial" fields st 
Voyager 1 occurred only about one-sixth as often as at Voyager 2, there was no 
apparent monthly quasi-periodicity, and even after a delay correction of about 
one week the occurrence pattern did not resemble the Voysger 2 oontinuum 
radiation ooourrence pattern. Jupiter's distant tail wau probably not sean at 
Voyager 1 for this period in 1981, and this contrast in observations 
strengthens the oase for identifying the 8 events of Figure 1 as Jupiter tail 
enoounters, and not as interplanetary events. 

The spatial locations of the voyager 2 tail-crossings relative to the 
Jupiter-Sun line (X-axis) are shown in Figure 2. The trajectory of Voyager 2 
is plotted in cylindrical coordinates for the period October 1980 to late 
August 19m. Distances are given in units of R 0 * 75 Rj. whioh is the average 
subsolar magnetopause distance at Jupiter based on pioneer 1C. 11 (Smith et 
al., 1976) and voyager 1, 2 (Ness et nl., 1979 a,b) observations. Events 1 
through 8, as given in Figure 1, are shown on the trajectory, as well as the 
positions of earlier apparent tail sightings (K) of October, November, and 
December 1980 (W. x-«rth, private communication). At the C.A. point the 
trajectory is as much as 4.3 R Q (or 320 Rj) off the sun-jupiter axis. Notice 
how events 2, 3. and 4 closely group around C.A. ; all are within * 3. 5° of the 
X-axis. All eleven events occur within 12° of the X-axis, with number 8 
occurring about one week before the spacecraft reached closest approaoh to 
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Saturn', it snould be noted that the aberration of the tail In the eoliptio 
plane due to planetary motion for a solar win*' speed of 400- toa/s is expected 
to- be" only i.g*'. 

Structure of Mid-February, iso Event 


The* mid -February 1981 event (no.. 2) observed in- the PWS and PL&> data of 
Voyager 2 has bean iieeuaaad: by Sdarf et al,. (1984) and will bo examined here 
in terms ofitspRA and MAG features. In particular, an attempt is aede to 
understand itb magnetic Held structure. Figure- 3 shows the field. (.16-min. 
averages) ih thei bottom* three panels (darn, curve) for 8 days, Beoeuse of an> 
obvious symmetry/ in the field data oentered late on day, 50, we also show the- 
field data plotted with time going, baokwurd (light curve)' such- theft it. agrees 
in time with the forward running data- at the point 1700 U! on day 50> ("CENTER* 
in Figure- 3K- This mirror symmetry point was determined by optimally/ 
correlating the cartesian components of th field as well as its magnitude, for 
the forward' and* backward running data.; ail quantities reached, a maximum 
correlation simultaneously,. The top panel shows the associated 1,2 kHz PRAi 
data which is asymmetric in intensity but is apparently geometrically oentered 
at' the field. CENTER point. This ./joint i:; remarkably close to the middle of 
the first (and .larger) 1 of own regions in which Scarf et ai . ( 1981 )■ estimate 

’J T 

the electron density to fall below V 10 cm“- > , within a few hours at each end 

point. This region, henceforth called the core region, lies between the 
vertioal lines' shewn in the B-panel (see the larger crosshatched bar). It 
lasts’ about 2-1/8 days, front hour 17 of day 49 to hour 20.5 of day 51 , and is. 
located within the overall > 11 -day tail/ wake identification of Scarf et al.; 
the core starl/stop times are given by Kurth et al . , 1982. 

The core region shows a 1 distinct- mirror symmetry about the CENTER- point in 
all three parameters B,1 , and 6, although the 6 symmetry is of lower quality, 
imnediabely bracketing this oore region, for about 3 /4 day, on eaoh aide,, the 
field maintains a clear mirror symmetry in 6 but shows an <H80° flip in 
longitude (X), as denoted in Figure 3; this difference is, in fact, one of the 
main reasons for choosing the specific boundaries of the core region. (Even 
the RMS deviation, not shown, atea a rough symmetry for v; 6 days around 

day 50, corresponding to the 6 days of the enhanced 1.2 kHz continuum 
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radiation). A proposed model, givan in the next seat lor., will attempt to 
explain these symmetric features, first, we point out same specific 
characteristics of the oore and external regions separately. 

probably the most outstanding feature of the oore region is the bipolarity 
of the field: X 180* on average around the CENTER of the core for * 12 

hours (i.e., for the latter half of day 50) and x £ o v on either side for * 12 
hours each. The magnitude of the field differs significantly between these 
two regions of opposite polarity with the region with X £ having a 
significantly higher magnitude than either the oentral region or the external 
regions immediately outside the 2-1/8 day core region, on either side. Notice 
also that where X is j 0‘, 4 is on average -25° to -30*, and that where X is £ 
180°, X i» on average * 30*. This correspondence indicates that the bipolar 
fields are close to being truly antiparallel. Another interesting 
characteristic of the core region is the interval between hour 17 of day 49 
and hour 0 of day 50 where X * 90° and 4 is very southward which violates the 
symmetry seen elsewhere and appears to be a boundary effeot. 

The 3/4-day external intervals bordering the oore region (where X flipped 
by £ 180°) do indeed appear to be outside of the magnetotail proper (or tail 
filament) in that they have the appearance of near-magnetopause southward 
draped magnetosheath fields. Such near-magnetopause field line draping is 
commonly seen in sheaths around all known magnetospheres. Soarf et al. (1981) 
point out that during days 43 through 48 (i.e., just prior to the core region) 
the spacecraft appears to have been in a region of streaming low-density solar 
wind, or possibly a wake region around a tail filament (See Siscoe et al., 
1970) . 

What appears to be a brief filament encounter (or re-encounter) , 

identified by "MAG" in the X.panel, occurs approximately from hour 18 of day 

52 to hour 6 of day 53, the early part of which coincides with the second 

(shorter) crosshatched bar from Scarf et al., (1981). In the "MAG” Interval 

the magnitude of the field is slightly greater than in the adjacent regions. 

Again both polarities appear, with XsO° predominating. Also on day 48, hours 

c 

7 to 12, another brief encounter may have occurred but for X 0 only. 


a 


The lateral extent of the overall wake/ sheath has not been determined, 
since no distant planetary bow shook has been identified. This should not be 
surprising , since any bow shook which eight exist at these diatanoes would be 
very week and probably very distant from the Sun- Jupiter axis and possibly 
would not be encountered at ail during 1981 . it is interesting that Pioneer 7 
observations aade in the distant tall of earth (* 1,000 earth radii) also did ’ 
not reveal distant bow shook signatures, although Magneto tail or wake 
identifications at that distance are well known (Wolf et el., 1967, and 
Villante, 1977); see Scarf (1979) on the issue of comparing the earth's tall 
length to that of an expected Jovian tail in terms of a day-side magnetosphere 
size, as we did in Figure 2 by using units of R Q . 

A Model of the Nid-February Event 

Here we give two versions of a model of the mid-February event. We will 
refer to the core region as a tail filament, keeping in mind that it 
conceivably could be the tail itself, since we do not have direct knowledge of 
its cross-sectional size. Figure k shows two sketches, both representing 
simplifications of what Voyager 2 appeared to observe during part of this 
event (i.e.. for v* 4 days centered around hour 17 of day 50); there Is one for 
each of two types of filament motion. The upper sketoh (TIME SYMMETRY) * 

represents the cross-section of a bipolar magnetotail filament which moves 
relative to the sp 1 ncraft in un approximately oscillatory manner, no that the 
spacecraft appears nearly to retrace its path. The oross-3ectionai plane Is 
perpendicular to the local axis of the filament, but the axis is inclined by * 

30° with respect to the orbital plane of Jupiter, being higner behind the 
figure and lower in front, as 6 in Figure 3 indicates for both "lobes." The 
projection of this filament axis on the orbital plane is, however, closely 
aligned with the Jupiter direction. The spacecraft spends about 2/3 of its 
time in die upper lobe where x £ o° , and about 1/3 of Its time xn the lower 
lobe where X * 180°. Outside of the boundary of the filament and close to it 
the draped, "external" (i.e., shtath/weke) field lies approximately in the 
plane of the figure and parallel to the boundary. The flip of </> 180 s in 
longitude of this external field is then apparently due to the change In the 
slope of the field lines as a result of curvature of the boundary between the 
entrance ard exit points. 
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The lower eke ten (SPACE SYMMETRY) represents s similar cross-section of s 
tail filament but wnioh moves approximately along a straight line relative to 
the spacecraft, so that the spacecraft appears to observe a spatial profile of 
Lli«* I'l turnout, otherwise moat comMents m.uio above for the time-symmetry sketch 
hold (e.g,, filament Inclination, lobe - durations, external field 
characteristics, etc.). Here, however, the 1-ohange of the external field 
must be due to an IMF polarity change (whioh we explicitly show by the dashed 
vector projections onto the Jupiter orbital plane) that ooourred over the 
2-1/8 day period of filament passage. Such a sector change is not unlikely 
based on inspection of plots of many 25-day cycles of the IMF; these X-ohanges 
were common at the same phase of the other cyoles. 

In the lower lobe of the filament, wnere B is toward Jupiter (X $ 180°) • 
i.e., for 1 6 hours around the CENTER, recall that the field drops to >»‘.'cut 
1/3 to 1/2 of its value in tne upper lobe. Figure 3 strictly shows that 
around hours <^20-24 of day 50 weak fields exist during a transition of X; from 
</>180°, through «/>0 o , to - 180°, and finally back to *0°. Although it favors 
the lower lobe, the low-field region occurs mainly aroun^ the transition 
region from one lobe to the other, as the dashed curve in Figure 4 indicates 
and, in fact, resembles a plasma sheet. If there exists a plasma sheet, aa 
yet undetected, in this transition region, its presenoe oould explain the 
lower field observed there, if the plasma in such a layer were subsonic, or 
if it were flowing well outside of the antisolar direction, it might be 
difficult to detect. This low-field region oannot easily be explained by a 
sudden expansion of the tail field, since then it would be expected that the 
outbound passage through the upper lone would show a lower B value also, and 
it does not. 

To explain the apparent crief filament enoounter, approximately 
delineated by the second (shorter) crosshatohed bar in Figure 3, we can 
Imagine that both lobes of a second (possibly thinner) filament were observed, 
consistent with the spirit of the bottom sketch of Figure 4. Alternately, the 
brief encounter may have been a return visit by the same "core" filament, in 
the spirit of the upper sketch of Figure 4. Similar explanations may be used 
for other possible brief encounters. 


\0 


A preliminary review of the field structures of all of the events shown In 
(Figure a indicates thet these structures are ooeplav and do not generally show 
suoh striking symmetry «* the mid-February event. They So, however, reveal 
the bipolar field characteristic in most oases, sod some awaats show a 
persistent field polarity far long periods, adfcb hrtef eassats of eppesi te 
polarity. Event 5, for anample, had i £ 100° persistency for over f days 
(0(11, 142, 143*1 and only wary brief (Mirations of A r during earlier add 
later perlede . There Is e tendency for events 2., 3, end 4 to Castor die 1*0° 
lode and for events 5* 6, 7. and 0 to favor the 1* 100° lobe. 


'The 'monthly quasi-period iclty [213 days/Xf-l) events a 30 days, average 
period from figure ij implies that the tall is apparently driven 
longitudinally by solar wind (stream) pressure gradients; the solar notation 
period of 25 days (for a negligible longitudinal spacecraft speed) is close to 
this quasi-par led. For this reason we stress sideways tail motion, as shown 
in Figure 4, but the model does not necessarily mean to preclude the 
possibility or i«xpor tattoo of latitudinal tail motions. 

Discussion 


The combined observations from BWS, PLS, FRA, and MAS onboard Voyager 2 
discussed here, or referred to, strongly indicate that the spacecraft 
encountered Jupiter's magnebotaii/wakc on numerous occasions in 1901 and late 
1900. Also the events were more intense or more probable in the vicinity cf 
the closest approach point to the Jupiter -Sun line. The important question 
remains: Are these encounters with tail filaments or with the tail itself? 

The answer is not obvious, but we can infer that the distant tail probably 
does not have a very large overall crossectional radius ( i« - . probably not > 
0®t) fij) nor consist of numerous fine-scale filamentary structures. The 
event-signatures (Figure 1) and spatial attribution of events (Figure 2) seem 
to lead to these infereoa&a. 

On the controversial issue of whether or not Saturn mbs In Jupiter's 
magnetotail/wake during the Voyager 2 Saturn encounter, two important points 
have been put forward (j. Sullivan, RLS, private communication) to .argue that 
suoh an occurrence probably did not .take place: ;(1) Saturn's mqgnetosphere , 
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although unusually expanded during the outbound lag of tha ancountar (Naas at 
al. t 1962), had dinanslons within estimated posalbla Halts assuming Its 
ax pa ns ion was due to a vary low solar wind raa prassura (at a 5f probability), 
and (2) no continuum radiation was obsarvad In Saturn's magnatoaphara 
(puzzling in itself) as would ba expeoted, if tha magnatoaphara wara In tha 
Jovian tail, dua to la^ ,ga of tha radiation from tha tail. To thaaa 
arguments wa add anothar, waakar, one: that tha August 1981 avant (no. 8 in 
Figures 1 and 2) occurred one weak before Voyager 2 raaohed closest approaoh 
to Sulurn an stated earlier, and since the proposed tail-encounters were 
arriving rather faithfully with a quasi-period of * one month, the spaeeoraft 
planetary encounter peribd of £ 4 days was not expeoted to ooour during a 
jovian-tail encounter. (And, in fact, PRA data examined for many weeks 
post-Saturn encounter reveals no significant oontinuum radiation.) 

Furthermore, tha lower intensity of the PRA events and lower ooourrenca 
probability of the MAG events prior to, and later than, events 2 through 5 
(Figure 1) also weakens the credibility of such an occurrence. On tha other 
hand, the PRA Investigators (Warwick et al., 1982) report on a dramatic 
decrease in emission intensity of Voyager 2 Saturn kilometrio radiation 
lasting for about two days, ending at 0800 UT on day 241, 1981, They 
speculate that it might have been due to the expansion of Saturn's 
magnetosphere and the possible concomitant diminution of particle population 
in the cusp regions (probable sourcet of the amissions), if tha expansion was 
the result of Saturn's immersion in Jupiter's magnetic tall. Obviously, none 
of these arguments is definitive, and the case for Saturn being in Jupiter's 
tail during encounter is still open. 
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F igure Captions 


dlguee 1; 


Klgurm- 2 


Figure i 


Figure 4 


The results at » survey of Voyager 2 Planetary. Radio Aetroncmy and 
magnetometer data tor the first 230 days of 1981. Id* top panel 
shown the intensity of PttA continuum radiation a entered at 1.2 hHi. 
bale* which- prominent events are labeled i through 8. The bottom 
panel shown the paraantage of hours in i 4 »y for which tnn magnet Is 
field: satisfies a- < i<y \, where a- is defined by the sketch at the 
bottom; sea teat. 

The Voyager 2 trajectory in' cylindrical coordinates, in units of F» 0 
for the period uovered in Figure 1 plus several previous months, 
h refer 'i to the .iveragu Jov.iiiuentrie sub solar magnetopause 
distance. Voyager 2 encounter with (Saturn occurred about one week 
after event d. 

The top panel presents 48-» averages of PRA continuum radiation 

centered at 1.2 kHz. The bottom three panels (dark curves) show 16 

min. averages of idle magnetic f ield m terms of its magnitude ( B) , 

longitude (x), and latitude 6 in heliographic coordinates, such 

that x - 0° is anti solar were. The lighter curve la the same field 

data running backward in time such that the two curves agree 

exactly .it day 50, 1/00 (IT COUNTER). The two crosshatched bars 

shown above the U-punei indicated regions in which the electron 

-2 - 1 

density bus oeen estimated Co be below j> 10 cm (Scarf et al . , 
1981) . 


Two sketches representing variations of a model to oxplain the main 
features of the magnetic field signature- around day. 511, 1981 * 2. 
days. The core region is shewn enulosed by a boundary, and B^ n and 
B t ara e * terna C (!•©• wake/ she at n) fields; see text. 


ORIGINAL PAGE IS 
OF POOR QUALITY 



VOYAGER 2 






ORIGINAL PAGE IS 
OF POOR QUALITY 


Figure 






CROSS-SECTION OF TAIL , OR 
TAIL FILAMENT 


TIME SYMMETRY: 



RELATIVE 
S/C TRAJECTORY 


(VIEW TOWARD JUPITER) 


SPACE SYMMETRY: 



S/C TRAJECTORY — - in 

— - OUT 


Figure 4 



